The purposes of this study were to evaluate the methods for examining the superficial radial nerve and to compare velocities and amplitudes of responses based on electrode shape and placement and site of stimulation. We selected 51 subjects with a mean age of 37 years from a healthy group. Twenty additional subjects with a mean age of 28 were also examined. Nerve conduction was done by stimulating over the dorsal forearm and lateral arm and recording from the superficial radial nerve where its branches cross the extensor pollicis longus tendon. The second group of subjects were stimulated at the same site and also at the elbow. Recording was done with a rectangular-shaped electrode placed in the area between the extensor pollicis longus and the extensor pollicis brevis tendons. We found a mean conduction velocity of 61 m/sec ± 4.91 in the first group with a mean amplitude of response of 36.7 µV ± 11.7 when we stimulated at the forearm site and 4.06 µV ± 6.75 when we stimulated at the lateral arm site. In the second group of subjects, conduction velocity from lateral arm to forearm site was 63 m/sec ± 4.50; from the lateral arm to elbow, 66 m/sec ± 10.4; and from the elbow to the forearm site, 64 m/sec ± 9.71. Amplitudes of response were 43.8 µV ± 14.45 at the forearm stimulation site, 18.06 ±µV ± 7.37 at the elbow site, and 6.7 µV ± 4.25 at the lateral arm site. We compared the mean velocities from the two methods and found no significant differences. Comparison of the mean amplitudes of response were significantly different (p = .01) at both the forearm and the lateral arm. A method for performing nerve conduction velocity on the superficial radial nerve is presented.
The superficial radial nerve may be involved in trauma: injured by surgical procedures around the wrist, involved in compression injury, or involved in neuropathic processes. 1 Evaluation of the superficial radial nerve by conduction velocity testing may offer important information concerning the level of lesions affecting the radial nerve.
The radial nerve is the continuation of the posterior trunk of the brachial plexus beyond the origin of the axillary nerve. It arises from fibers of the spinal nerves C 5 through T 1. The radial nerve arises from behind the axillary artery and enters the arm obliquely and laterally through the spiral groove in the posterior upper humerus. The nerve then descends laterally in the intermuscular septum separating the biceps brachii muscle from the triceps brachii muscle for the distal one-third of the arm. The nerve continues anteriorly to the lateral epicondyle in a groove between the brachialis and brachioradialis muscles. Just below this area, the nerve descends into the forearm under the cover of the brachioradialis muscle and divides into two branches. The deep branch becomes the posterior interosseous nerve distributing motor fibers to the posterior forearm muscles. The superficial branch becomes the superficial radial nerve distributing sensory fibers to the dorsum of the hand and the web space of the thumb. In the dorsal forearm, the fibers accompany the cephalic vein, a landmark in finding the nerve.
Studies of sensory conduction on the superficial radial nerve were first reported by Downie and Scott in 1964. 2 They used an orthodromic technique that was applied by stimulating the nerve at the dorsal wrist and recording from the nerve in the lateral arm. They obtained a mean velocity of 56.3 m/sec with a mean amplitude of 3.8 µV in 50 subjects. In some subjects, the amplitude of response was barely perceptible and presented a problem in determining the point of takeoff of the potential from the baseline.
In 1967, Downie and Scott reported on the use of antidromic stimulation for examining the superficial radial nerve. 3 Electrodes were placed after palpating branches of the superficial radial nerve as they passed over the extensor pollicis longus tendon. Stimulation was done on the dorsal midforearm where the nerve accompanies the cephalic vein. Using this method, they reported amplitudes of 5 to 20 µV with a mean amplitude of 11.4 µV and a velocity of 53.8 m/sec over the distal portion of the nerve. In 1967, Shahani and associates, also, reported a study of the superficial radial nerve using both orthodromic and antidromic methods. 4 They stimulated the nerve in three sites: above the lateral epicondyle, at the elbow, and at the midforearm. They reported an average amplitude of 21 µV that did not vary significantly with either method. They found a mean velocity of 58 m/sec over the distal portion of the nerve. In 1972, Shirali and Sandler performed a study of the radial nerve using rectangular-RESEARCH shaped electrodes to record in the web space between the thumb and index finger. 5 They stimulated the radial nerve at the following four sites: above the lateral epicondyle, at the elbow lateral to the biceps brachii tendon, at midforearm, and about 4 cm proximal to the wrist joint. They reported a proximal velocity of 77 m/sec and a distal velocity of 65 m/sec. The amplitude of response at the distal point of stimulation was 54 µV, larger than any other investigator reported. Shirali and Sandler did not report the amplitudes for the other sites of stimulation.
Other studies of the sensory portion of the radial nerve have varied electrode placement and methods of recording. 6, 7 Feibel and Foca used ring electrodes on the thumb for recording. 6 They stimulated in the dorsal forearm 11 and 14 cm from the recording electrodes. They found a mean velocity of 54 m/sec and a mean distal latency of 1.9 msec. The mean amplitude of response, however, was very small (6.6 µV).
Trojaborg and Sindrup stimulated the radial nerve through electrodes over the proximal phalanx of the thumb. 7 Recording was done with a needle electrode placed close to the nerve at the wrist, elbow, and axilla. The investigators reported mean velocities of 58, 66, and 67 m/sec for the three respective distal to proximal segments. Mean amplitudes of response on the nerve were very small, often less than 20 µV.
In the clinical situation, sensory testing of the radial nerve has usually been combined with motor testing. Most clinicians have reported only testing the distal portion of the nerve with an antidromic technique. 8, 9 Two common methods of recording have been used. The first is placement of a disk active electrode over a branch of the radial nerve as it crosses the extensor tendons with a reference electrode 2.3 cm distal. 9 The second method is the use of ring electrodes to record from the proximal thumb. 8 Both methods use a stimulation site in the distal forearm 10 to 14 cm proximal to the recording electrode.
The studies cited point out the great variation both in the technique of study and the amplitude of response for this nerve. Also, the tendency by clinicians to examine only the distal portion of the nerve because of low amplitude responses and technique problems may indicate that information is being overlooked that could be useful.
We conducted this study in two parts. The purpose of the first portion of the study was to develop a technique for examining the superficial radial nerve that was easy to use in the clinical environment and yielded information about conduction over a long segment of nerve. This first portion of the study also was done to develop normal data for velocities, latencies, and amplitudes of response for comparison with previous studies. The second portion of the study was concerned with comparing our original method as developed with a method based on variation in electrode shape and placement and proximal site of stimulation.
METHOD Subjects
Subjects for the first portion of the study were 51 individuals selected from students and patients free of neurologic and upper extremity disease or disability. Ages ranged from 13 to 59 years. Two subjects were under 20 years of age, 16 were between 20 and 30 years old, and 11 subjects were in each decade between 30 and 60 years. The mean age of this first group was 37 years. The subjects for the second portion of the study were 20 healthy individuals between the ages of 20 and 51 with a mean age of 28 years. These subjects were also free of neurologic and upper extremity disease or disability.
Procedure
The equipment used for the study was a Teca TE-4* electromyograph with a nerve stimulator and averager. Subjects were stimulated with 0.1 msec pulses at the rate of 1 pulse per second. The testing room was maintained at 22 to 23° C. Eight stimuli were averaged at each stimulation site. Latencies were measured to the first major deflection of the wave form.
First method. The testing procedure for the first portion of the study was as follows. The active electrode of a pair of flexible paired electrodes was placed over the largest palpable branch of the superficial radial nerve as it crossed the extensor pollicis longus tendon. The reference electrode was placed 3 to 3.5 cm distal to this placement over the dorsum of the first metacarpal joint. The ground electrode was placed over the middorsum of the hand. Sites of stimulation were over the distal portion of the superficial radial nerve approximately 10 to 14 cm proximal to the recording electrode where the nerve is next to the cephalic vein (forearm site) and in the upper arm approximately 10 cm proximal to the lateral epicondyle over the main trunk of the radial nerve (lateral arm site).
Subjects were tested in the supine position with the arm abducted to approximately 15 to 20 degrees, the elbow kept in an extended position, and the forearm pronated. Distances between sites of stimulation and from distal site of stimulation and the recording electrode were measured with a steel tape.
Skin preparation consisted of sanding the electrode sites with very fine sandpaper, cleansing with an alcohol swab, and drying vigorously with a sterile gauze pad.
Second method. In the second portion of the study, the following three alterations in technique were made: 1) Electrode placement was altered by palpating for the largest branch of the superficial radial nerve in the area of the extensor pollicis brevis and the abductor pollicis longus tendons. The active electrode was placed at this point. 2) We used paired rectangular-shaped electrodes 8 by 22 mm for the recording and reference electrodes.
3) The groove between the brachioradialis and brachialis muscles was used as an additional stimulation site (elbow site).
Data Analysis
We calculated mean latencies, amplitudes of response, and conduction velocities for each method at each site. Amplitudes of response were measured from the baseline to the peak of the negative wave. Analyses between groups were made using the Student's t test for differences in means of velocities and amplitudes of response at the .01 level.
RESULTS
The first portion of the study results are reported in Table 1 . The mean velocity was 61.09 m/sec on the superficial radial nerve. The mean amplitude of response was 36.7 µV on stimulation over the forearm site and 4.06 i*V on stimulation over the lateral arm site. The distal latency for forearm site to recording electrode was 1.64 m/sec over a mean distance of 11.23 cm.
The results of the second portion of the study are reported in Table 2 . When using the rectangular electrodes and stimulating at an additional site, we found a mean velocity of 63.15 m/sec for the lateral arm to forearm portion of the superficial radial nerve. The velocities calculated segmentally were as follows: lateral arm to elbow 66.9 m/sec and elbow to forearm 64.6 m/sec. Distal latency for forearm to recording electrode was 1.61 over a mean distance of 11.7 cm. Mean amplitudes of response were 43.87 µV, 18.06 µV, and 6.7 µV for the forearm, elbow, and lateral arm sites, respectively.
In Table 3 , comparisons of the velocities obtained from the two groups were found to be statistically the same. Comparisons of mean amplitudes of response were significantly different (p = .01) for the two groups at both the forearm and lateral arm sites. The amplitudes obtained, using the second method were greater than using the first method. There were no significant differences in mean latencies between the two groups.
DISCUSSION
The conduction velocities obtained in this study compare favorably with most previous studies for both the lateral arm to forearm and elbow to forearm segments for both study methods. We used a wide age range to collect the data for this study because Buchthal et al showed that age is a factor in conduction velocity. 10 We reasoned that for our clinical method, determining whether age made a difference in the ability to obtain usable responses would be valuable. Also, the values for mean velocities, latencies, and amplitudes would be more meaningful if gathered from a clinically representative group.
The amplitude of response of both groups during stimulation at the lateral arm site was quite small. This marked decrease in response was related to the distance from stimulation to recording site and to the variability in tissue depth between the stimulator and the nerve at that site. When clinicians perform sensory conduction studies and find very small responses in healthy individuals, they may understand more easily the difficulties that are encountered when pathological conditions cause further reduction in the amplitudes of response. These amplitude reductions make the proximal sites less useful in pathology.
The lateral arm site responses were small with both groups; this finding seems to increase the desirability of using the elbow as a second stimulation site for studying the superficial radial nerve. The elbow site permits a large enough response to do conduction studies in suspected pathology of the superficial radial nerve. Braidwood pointed out that the superficial radial nerve is most vulnerable at the point where it emerges from beneath the brachioradialis muscle. 1 Our method of using the elbow and forearm sites provides a site for stimulation above and below possible lesions of the superficial radial nerve. Leaving a method for computing a velocity in cases of suspected neuropathy also provides additional evidence of changes in conduction in some neuropathic conditions.
The method of stimulation of superficial radial nerve in this study was antidromic because this method is the easiest to use clinically.
The amplitudes obtained in the second study were significantly greater using a larger and rectangular-shaped electrode and using a slightly different placement method. The velocities obtained over the long nerve segment from forearm to lateral arm were not significantly different in the two groups and indicated that changing the electrode size and
